Introduction
The inhibition of sperm motility in formal-saline can be reversed by washing and resuspension in formaldehyde-free diluent (Dott & Foster, 1975; Dott, Moor & Polge, 1976) . The differential staining of spermatozoa can also be preserved for several days by dilution with formal-citrate (Dott & Foster, 1975) . Fertility was reported in sheep and pigs after insemination with formaldehyde-treated semen (Dott et al, 1976) and it seems that, provided sperm viability can be maintained, formaldehyde treatment may serve as a basis for semen storage.
The present study was designed to investigate the effects of formaldehyde concentration, incubation period and temperature on the reversible inhibition of motility in a phosphatebuffered saline diluent and on eosin uptake by ram spermatozoa.
Materials and Methods
Semen. Semen was collected by artificial vagina from 3 Yankasa rams for each experiment and pooled. Sperm concentration was determined by means of haemocytometer counts. During the experiments, all samples were coded and randomly presented to an observer for estimations of motility and proportion of eosinophilic spermatozoa.
Diluent. The basic diluent used was a phosphate-buffered saline (PBS) solution, pH 7-3 (Dott, 1975 Dott & Foster (1972) and the proportion of eosinophilic spermatozoa was determined (100 counts/slide, 3 replicates/treatment) without clearing.
In Exp. 6, the possibility of interaction between formaldehyde concentration and post-wash survival was examined using four concentrations of formaldehyde (0,0-0025, 0-005 and 0-01%) and 3 post-wash incubation periods at 30°C (0-5, 2 and 4 h). Values are mean ± s.e.m. for 3 replicates.
Experiment 3
Motility was partly inhibited by 0-0025% formaldehyde but was completely inhibited by higher concentrations (Table 3) . Post-wash motility was high in the spermatozoa kept in 0-005% formaldehyde but there was no recovery of motility in the 0-01% formaldehyde, contrasting with results for the same concentration of formaldehyde in Exp. 2. The sperm concentrations after dilution in Expts 2 and 3 were 7-29 and 6-14 IO8 spermatozoa/ml respectively and the difference in sperm concentration could have accounted for the different results. (Table 4) . Although motile spermatozoa were observed after washing in all cases, there was a significant interaction (P < 0-001) between formaldehyde concentration and dilution rate, due mainly to the decline in recovery rate with increasing dilution with 0-01% formaldehyde. Differences in recovery rates between formaldehyde treatments were significant (P < 0-001). (Table 5) but was significantly altered (P < 0-001) by the pre-wash incubation period, mainly because of the sharp decline in recovery beyond 6 h. By contrast the proportion of eosinophilic spermatozoa was significantly (P < 0-001) affected by pre-wash incubation temperature but not by incubation period. The proportions (%) of eosinophilic spermatozoa at 5, 15 and 25°C were (mean ± s.e.m., « = 12): 27-9 ± 1-7,36-2 ±2-4 and 20-5 ± 2-2% respectively.
Experiment 6
Formaldehyde concentration and post-wash incubation period significantly (P < 0-001) affected motility but neither had any effect on eosin uptake (Table 6 ). There was a significant (P < 0-001) interaction between formaldehyde concentration and incubation period with respect to motility, due to late sperm motility recovery (highest motility at 2 h) in the 0-01% formaldehyde group. 
Discussion
The present study confirms the report by Dott et al. (1976) Harrison, 1976) .
The mechanism of action of formaldehyde on spermatozoa is not fully understood. At the molecular level formaldehyde reacts with the amino groups of proteins and amino acids resulting in méthylène linkages (Herriott, 1947) . It causes protein denaturation and losses in the activities of enzymes (Hopwood, 1967) . At the cellular level, it has been postulated that formaldehyde exerts a stabilizing effect on sperm membranes, preventing damage (Dott et al, 1976) . In experiments with ram semen, formaldehyde acted as a metabolic inhibitor, curtailing oxygen uptake by spermatozoa at a concentration of 0-005% in PBS (O. A. Osinowo, unpublished).
It appears from the results of Exps 5 and 6 that the differential staining of spermatozoa is maintained for a longer period than is motility after the removal of formaldehyde by washing, but the duration of preservation of sperm fertility after formaldehyde treatment is not known. It is also possible that diluents other than PBS may preserve spermatozoa better in the presence of formaldehyde. This needs to be investigated in view of the decline in sperm motility after pre-wash incubations of >6 h (Exp. 5). Fertility has been reported in ewes inseminated with semen to which formaldehyde had been added 2 min before insemination and in sows with semen similarly treated 1 or 2 h before insemination (Dott et al, 1976 
